Several groups of investigators (1) (2) (3) have shown that the protein portion of the plasma lipoproteins of the rat can be synthesized by the liver. The present studies were undertaken to determine whether any lipoprotein synthesis can occur in the absence of the liver. Previous work by Bragdon (4) and by Rodbell, Fredrickson, and Ono (5) has suggested intestinal synthesis of lipoproteins. Since their studies were carried out in intact animals, however, the liver could not be excluded as a source of these proteins. We have therefore measured the synthesis of the protein component of the lipoproteins of chyle and plasma in hepatectomized dogs. Methods
Male mongrel dogs weighing 12 to 18.5 kg were fasted for 18 hours before operation. The dogs were anesthetized with pentobarbital (35 mg per kg iv). The following types of preparations were used: a) hepatectomized dogs, b) hepatectomized dogs with thoracic duct fistulas, c) eviscerated dogs, and d) an anesthetized normal control.
A one-stage hepatectomy was performed (6) in which a portaca'val shunt was established and the liver removed after it had been stripped from the intrahepatic vena cava, which was left in situ. In the dogs in which the thoracic duct was cannulated, 50 to 100 ml of cream was fed 2 hours before the administration of anesthesia. A polyethylene tube was inserted into the thoracic duct in the neck, and the lymph was collected continuously; hepatectomy was then performed. In animals on which abdominal evisceration was performed, the stomach, in-* Submitted for publication April 10, 1964; accepted November 18, 1965. Presented in part at the meeting of the American Physiological Society, April 1962.
This study was supported by research grant HE-02965 and'training grant HTS-5273 from the National Heart Institute and by a grant from the American Heart Association. The acid was administered in 50 ml of cream. The animals were exsanguinated by bleeding from the carotid artery, and the lipoproteins of the plasma and the thoracic duct lymph were separated by ultracentrifugal flotation according to the method of Havel, Eder, and Bragdon (8) .
The amount of protein and the radioactivity of the proteins were determined by a modification (9) of the method of Radding and Steinberg (2). was collected during the experimental periods.
Results
In Table II are shown the results of three experiments with these dogs. No radioactivity was found in the plasma lipoproteins of D < 1.019, but the other two plasma lipoprotein fractions had specific activities comparable to those of hepatectomized dogs (Table I ). In two experiments the specific activity of the D < 1.019 fraction of the lymph was appreciable and considerably higher than in the other lymph lipoprotein fractions. In one experiment the specific activity of the D < 1.019 fraction was slightly less than that of the other two fractions. The radioactivity present in the D < 1.019 fraction of the plasma shown in Table I appears to have been derived entirely from the lymph, since when the lymph was diverted, no radioactivity was found in the D < 1.019 lipoproteins of the plasma.
In experiment 8, 315 juc of palmitic acid-9,10-8H dissolved in 50 ml of cream was given by stomach tube at the same time the lysine-14C was administered. The radioactivity recovered in the tri- (9) have shown that the extent of such contamination would be insufficient to explain the amount of radioactivity found in these fractions in our present experiments. Earlier studies by Bragdon (4) and by Rodbell and his colleagues (5) had suggested that the formation of the protein of the chylomicrons occurred in the intestine. The latter workers pointed out that in the intact animal it was impossible to exclude the contribution of the liver. In our present studies, in which hepatic synthesis was definitely excluded, the newly synthesized lipoproteins in the thoracic duct lymph were undoubtedly derived from the intestine. These findings are compatible with observations by both Rodbell and colleagues (5) and by Isselbacher and Budz (10) showing that intestinal tissue can incorporate amino acids into lipoproteins in vitro. Isselbacher and Budz raised the question of whether the lipoproteins synthesized in vitro are similar to those present in the chylomicrons during fat absorption. Our experiments do not answer this question, since in these dogs there does not appear to be any significant absorption of fat during the period of lymph collection. This may be due to a combination of factors such as impaired gastrointestinal motility, changes in the intestine due to operative trauma, or the exclusion of the bile. The fact that the specific activity of the D < 1.019 lipoproteins of the lymph is so much higher than that of any of the other plasma proteins suggests that the D < 1.019 lipoproteins are not derived from plasma proteins or lipoproteins unless by some very selective process whereby a small fraction of plasma proteins of very high specific activity is utilized.
In somewhat comparable experiments Lindsey and Wilson (11) measured the incorporation of acetate-14C into the intestinal lymph of cholesterolfed rats. They found considerable radioactivity in the cholesterol of the lymph and virtually none in the plasma. In the intact cholesterol-fed animal there was some labeled cholesterol in the plasma, but this was undoubtedly derived from the intestine. It thus appears that the intestine is the major site of extrahepatic synthesis of at least two of the components of the lipoproteins.
Comparison of lipoprotein synthesis in the intact control animal with synthesis in, the hepatectomized animals, as well as the other data from liver perfusions (1, 3) , shows that the liver has a great capacity for lipoprotein synthesis, which probably exceeds that of other organs, including the intestine. However, exact quantitation of lipoprotein synthesis by various tissues is not possible from these studies because of the marked physiologic changes secondary to operative trauma. Furthermore, hepatectomy may well alter the rate of removal of lipoproteins from the plasma as well as the rate of turnover of the labeled amino acid, and it would appear from the data of Lindsey and Wilson that diversion of the bile may decrease the release of lipoprotein into the intestinal lymph (11) .
It is of interest to compare the liver and intestine with respect to lipid metabolism. Both tissues are of the same embryologic origin, and both appear to be the only organs from which appreciable amounts of fatty acids are transported as glycerides contained in very low density lipoproteins. Apparently certain factors controlling the release of lipoproteins from liver may also be operative 'in the intestine. Thus, the release of triglyceride in very low density lipoproteins from the liver is stimulated by increased uptake of free fatty acid by the liver (12, 13) . Similarly an increase of the amount of free fatty acid entering intestinal cells, as after a fat meal, increases the release of lipoprotein in the form of chylomicrons. The transport of lipid from the liver is dependent upon the synthesis of lipoproteins (14) , and recent studies suggest that this is also true of the intestine (15 
